Abstract : The hydration of urea and guanidium ion have been studied by quantum chemical and molecular mechanics methods. The hydration of urea takes place only through the amino groups and not through the carbonyl group. One mole of urea decreases the free concentration of water by seven moles and one mole of guanidium ion by twelve moles. The interaction energies (AE's) for the hydration of urea and guanidium ion in both the primary and secondary spheres are more than that of waterwater interactions. Also, the interaction energy of urea and guanidium ion with water is more than the interaction energy of urea and guanidium ion with the potential hydrogen bonding sites in the peptide groups of the model pentapeptides. The "collagen type structure" (with &=-300, ~i=1200) has been taken as model for hnctional domain which is stabilized by interaction with water through free potential hydrogen bonding sites. It is shown that these denaturants, reduce the free concentratiodactivity of water effectively and remove the water molecules from the protein surface. The computational results also demonstrate why lower concentrations of guanidium ion is sufficient to bring about the denaturation in comparison to urea. The interaction studies also reveal that there is no complex formation between the peptides groups and denaturant molecules. The cause of protein aggregation in the presence of denaturants and hence, the loss of biological activity is also discussed.
INTRODUCTION
The denaturation of proteidenzymes occurs due to the environmental changes such as temperature, pH, pressure and addition of denaturants like urea and guanidium (Gu) hydrogen chloride (ref [1] [2] [3] . The universal destabilizing action of urea is well known (ref. 4). Urea enhances the solubility of nonpolar compounds in water, reduces the tendency of the surfactants to form micelles and destabilizes phospholipid membrane structure. All these effects can be accounted for on a semi-quantitative basis by the influence of urea on the intermolecular hydrogen bonded structure of liquid water. Solvent additives can affect macromolecular structure by direct interaction with the macromolecule or by indirect action through effects on the structure and properties of the solvent or by a combination of both these mechanisms (ref 5 ) . However, there is little understanding about the details and roles of such interactions.
The effect of urea and guanidium ion on the intermolecular hydrogen bonded structure of water has been studied. It will also be interesting to examine whether the hydration of urea originates from the carbonyl or amino group or from both the groups. The guanidium ion differs from urea molecule as it contains -N-H moiety in place of X = O . Therefore, hydration of this molecule may reveal why lower concentration of guanidium ion is sufficient in comparison to urea in the proteidenzyme denaturation. Further, the interaction of water, urea and guanidium ion with the potential hydrogen bonding sites of the model peptide backbone in both the structural and finctional domains may unravel the mechanism of denaturation.
METHODS OF CALCULATIONS
The geometries of water, urea, guanidium ion & the peptides (corresponding to both structural and functional domains) and their supermolecules have been optimized using the potential function of the type as suggested by Vinter et al. (ref 6 where E",oe'e denotes repulsion energy of the atomic cores A and B.
Interaction energy, AE, between the molecules X and Y is calculated by using SuperMolecule (SM) approach
where EX, E y and Exy denote the SCF energies of the molecules X, Y and Supermolecule XY, respectively.
The hydration of urea and guanidium ion have been studied by stepwise addition of water at the interacting sites by taking into account all possible geometries in both the primary and secondary hydration spheres. This has been followed by optimization and calculation of the interaction energy. The most stable configuration has been chosen as starting geometry for the subsequent interaction of water molecules. Since, these denaturants influence the structure of water, therefore, it becomes imperative to study water-water interactions also. Similar procedure has been followed for the interaction of water, urea and guanidium ion with the potential binding sites of the model peptides Ac-(Ala)n-NHMe containing one to four alanine residues only, in the required conformation corresponding to both structural (with &=-300, yi=-600) and functional (with (bi=-300, ~i = 1 2 0 0 ) domains (ref. 8).
RESULTS AND DISCUSSION

I. Interaction of Urea and Guanidium ion with Water:
Two schemes have been taken into consideration for the hydration of urea. In the first scheme, water molecule with one of its hydrogen approaches the carbonyl group of urea; while in the other, water molecule with its oxygen approaches the hydrogen of amino group in urea at two distinct sites. When the water molecule is made to interact with carbonyl group of urea, no stabilization is obtained, while the interaction of water vith amino (-NH2) group leads to net stabilization, suggesting that the hydration starts from the amino group of the urea.
To explain why the hydration of urea does not start from the carbonyl group, the electronic charges on solated molecules i.e. water, urea & N-methyl acetamide and urea in the presence of four water 
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+0.07e and -0.41e charge, respectively. The magnitude of charges on carbonyl carbon is much less as compared to that on the carbonyl carbon of the urea molecule. This clearly indicates that water can interact with both the moieties (i.e. amino and carbonyl groups) of peptide bonds and the magnitude of charges also suggest that the interaction with carbonyl oxygen will be more than that with the amino nitrogen. This fact is supported by crystallographic data on thirteen well defined proteins in which the internal water molecules form 1.9 times more hydrogen bonds to the main chain carbonyls than to the main chain nitrogen (ref. 9).
The results for the hydration of urea by gradual addition of water molecules corresponding to the most stable geometry are summarized in Fig. 1 . In the primary hydration sphere of urea, four water molecules are involved while three water molecules are accommodated in its secondary hydration sphere. The interaction of water molecules through its oxygen with any of the -N-H groups of the guanidium ion gives almost the same interaction energy. It is found that six water molecules are accommodated in each of the primary hydration sphere as well as in the secondary hydration sphere, thereby, involving a total of twelve molecules of water in the hydration of guanidium ion (Fig. 1) . The interaction energies at each step of hydration are greater than the water-peptide and water-water interactions for both the urea and guanidium ion. Thus, one mole each of urea and of guanidium ion takes care of seven and twelve moles of water, respectively and decrease the free concentratiodactivity of water, effectively. The decrease in activity of water as a hnction of denaturant concentration may be interpreted as decrease in hydrophobic interactions between water and the apolar molecules. This viewpoint also finds support from the experimental studies by Schellman (1990) Sijpkes et al., (1993) (ref. 12) . As the concentration of denaturants is increased, more of the water molecules get associated with the denaturants and this is usually referred to as the structure breaking effect of these denaturants (ref. 4) and results in creation of cavities of varying sizes in the bulk water structure in conformity with findings of earlier workers (ref. 13-15) . Thus, both the effects (decrease in water activity and creation of cavities) taken into account, provide an acceptable explanation for the increasing solubility of the protein or apolar molecule in the solutions of urea or guanidium ion. P v..,. 
II. Interaction of Water. Urea and Gurnidium ion with the Peptide groum in different Conformational states:
Usually, the peptides/proteins are studied in the aqueous media to mimic the native environment of the biomolecule. To understand the interactions of water, urea and guanidium ion with the potential hydrogen bonding sites in the peptide bond, the computational results for the model pentapeptides-AcAla4-NHMe and Ac-Alaq-OMe in the desired conformation are discussed. (Fig. 2) and this structure is energetically favoured over the helices for short peptide sequences i.e. maximally upto five amino acid residues, with no intramolecular hydrogen bond interactions and as the number of amino acid residues increase, the propensity of the "collagen type structure" decreases (ref. 23 ). This structure is stabilized by interaction of water with the peptide linkages accompanied by a small change Fig. 2 A graphical view of Ac-Ah-NHMe in "collagen type conformation" with &=30", in the $,ty values of the peptide backbone which \y,=120' showing that all the potential is consistent with the X-ray crystal data (ref. 24) hydrogen bonding sites are free for that this structure is found on the surfaces of the intermolecular interactions. proteins. The interaction energies of urea and guanidium ion with carbonyl and amino groups of the peptide backbone are much less than the interaction of water with these denaturants, respectively. Hence, these denaturants have hardly any preference for binding to the peptide groups.
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The structural domains of globular proteins are composed of helices (a or 310) and/or P-sheets (ref 25,26) . Water is present in the structural domains as discrete single molecules and also in clusters. In actidine, comprising of 220 amino acid residues, crystal structure contains many clusters of water molecules but only a few of these molecules make direct contact with the protein molecule (ref 9,27), additional contacts are via water bridges. The water molecules acting as bridges between the terminal potential hydrogen bonding sites and between the chains of protein interior act as stabilizer (ref. 28-38) . It may also be pointed out that the internal water molecules are highly conserved in plant thiol proteases-papain (ref. 39,40) The magnitude of interaction energies of the denaturants with peptide groups in both the hnctional and structural domains are comparable to that of water-water interaction and water-peptide interactions (-39.7551 .25 kJ/mol) but are much less than the interaction energies between the denaturants and water. This clearly rules out the possibility of a complex formation between the peptide and denaturant molecule. Recent experimental studies by Scholtz et al. (1995) on urea unfolding of peptide helices (ref 49) and by Sijpkes et al., (1993) on the interaction of diketopiperazine with urea in aqueous solution (ref 12) also lend support to the above findings. A very small value of the association constant has been reported by these workers for the complex between the urea-diketopiperazine and urea-peptide. Further, very recent microcalorimetric studies by Loh et al., have ruled out the complex formation between urea and amino acids (ref. 15), thus, confirms the computational findings. Hence, it may not be logical to think whether the denaturation starts from the N-or C-terminal. Therefore, it is reasonable to state that the denaturant molecules firstly, decrease the activity of water molecules, creating cavities in water structure and then, removes the water molecules from the protein.
It is also worth pointing out that the interaction energy of both the denaturants with water is much less than the energy of bond formation for disulphide linkage (ref. 50) and thus, the secondary structure will not open up completely in the proteins containing disulphide linkages. The removal of water from the functional domain results in aggregation of protein molecules by making intramolecular hydrogen bonds and hence, the loss of biological activity. The same explanation equally holds true for the denaturation of proteins at low and high temperatures in aqueous solutions (ref [51] [52] [53] [54] . It is the water which freezes out as ice on lowering of temperature and not the protein. Thus, the water is removed from the functional domain which renders the potential hydrogen bonding sites to be free leading to the aggregation of the protein and the loss of biological activity. At higher temperature, the hydrogen bonds between the peptide and water molecules break and the water is removed from the active sites, leading to the loss of biological activity as discussed above. 
